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context

Current energy use
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Figure 1. Energy Consumption in the United States
Source: 2007 DOE Buildings Energy Data Book, Tables 1.1.3, 1.2.3, 1.3.3
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context

Green design guidance

Voluntary “best green” performance of some bug gs

More complex tools are acceptable

Tools must be as simple as possible
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context

Increasing comfort demands

source: www.learn.londonmet.ac.uk
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context

Indoor quality vs. productivity
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Figure 1 (left): Performance of olfice work as o function of the presence or absence of the pollution source, or the outdoor air
supply rate. Figore 2 (right): Performance of office work as a function of the perceived air qualiiy.

source: Wargocki, P 2002 "Making the Case For IAQ", ASHRAE IAQ Applications

Technische Universiteit
e Eindhoven
University of Technology

/ Building Physics & Systems



context

Indoor quality vs. health
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context

Need for flexibility + robustness

Organizations change continuously

Temperature change (1760 - 2100)
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context

Increasing real world complexity

Virginia Tech
Lumenhaus
Solar Decathlon 2009
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context

Current practice

|s to design and operate buildings
to minimize dissatisfaction
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context

Goal and V|S|On fOr 2050 Eindhoven Energy Institute

* A sustainable energy-positive built environment with indoor
environmental quality optimized for health, comfort and/or
productivity, while considering ecological/ climatic
requirements and economics

* Requires a multiscale/ multiphysics and transdisciplinary
approach which:

« addresses technological solutions for energy generation,
storage, distribution and conservation, and

* Integrates and optimizes these in design, construction and
operation of new and existing buildings

So - both new and refurbishment — future projects face huge challenges that seem
too complex for traditional tools and approaches
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current state

Traditional tools

* mono-disciplinary
* solution oriented
* narrow scope HE
* Static

* extreme conditions
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- analytical methods (exact =
solution of =
very simplified |
model of reality) - - e 2

source: www.virtual-north.com
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current state

Simulation tools

* multi-disciplinary
* problem oriented
« wide(r) scope

« dynamic

- all conditions
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current state < challenges

Traditional vs. simulation tools

therefor much more need for:
= quality assurance

- e knowledge / skills
compIeX|ty - resource%

traditional models
— perhaps 10 variables
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computer simulation
— often > 10,000 variables
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current state

Building simulation tools
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current state

Building simulation use — example

AC, van der Linden et al. / Energy and Buildings xooc (20005 ) xoe—xee
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current state

Building simulation use — example
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current state

Building simulation use - example

Passive cooling
- External shading

* High thermal mass
(exposed floor / ceiling, ribs)

Low energy cooling
All air system
Night ventilation
Top cooling
Heat recovery

i
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current state

Building simulation use - example

- Inside air lemeprature meassurement
- - Cooling power meassurement

— Inside air temperature calibrated simulation
— Cooling power calibrated simulation
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Case

source: Milos Lain

Using calibrated building +
systems model, 10 operation
scenarios were simulated: 6
scenarios with various
combinations of flow rates and
control periods, 5 scenarios with
reduced cooling coil capacity
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current state

Building simulation use - example
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current state

Building simulation use - current

Early Phases
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current state

Building simulation user types

Categories of Innovativeness*

Only if mandatory
and easy-to-use
robust tools

Laggards
. 16%

Rather no
simulation at all

Eager for flexible / |* Want easy-to-use |
expandable tools and robust tools TU

Use anything
including research
tools

Early
Majority
34%

Innovators
2.5%
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challenges

Simulation in design ...

Early Phases
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challenges

Simulation in design, but

but early
design
decisions
have much

more impact/

Operations &
Maintenance
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challenges

Main building simulation challenges

* Quality assurance
| - Educate and certify users
— Develop application procedures
— Increase physical validity of tools
* Provide better design support
- Early phase design support
— Multi-scale (construction detail ... district level)
— Uncertainty and sensitivity analysis
— Robustness analysis (use/ environmental scenarios, ...)
— Optimization under uncertainty
— Inverse approach (what if => how to)
— Multi-physics (power flow modeling, ...)
— Integrate in design process (BIM, process modeling, ...)
* Building operation and management support
U — Accurate in-use energy consumption prediction
— Model predictive (supervisory mimo) control
TU

www. IBPSA.org
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approaches

Expanding simulation scope

design brief design construction
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approaches

Uncel’talnty an aIyS|S (1984 technology)
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approaches

Uncertainty & sensitivity analysis

Variability due to physical parameter uncertainty

Sensitivity of design parameter
on uncertainty of cooling demand
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approaches

Uncertainty & robustness analysis
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approaches

Uncertainty & robustness analysis
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approaches

Uncertainty & optimization

Before optimization
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approaches

CO'S| Mmu | at| on (by run-time coupling)

| Radiance
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approaches

Whole building heat, air & moisture

CFD
External Flow

¢ | | Glueware
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Internal Flow

deliverables:

* prototype software
 coupling procedure
* coupling validation
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approaches
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HAMPE — case study

Sep D5, 2007
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approaches

Application oriented

CVUT Prague

Fig 1 FurcBors - Tagade [Kraack, 2007] Fig T Inspiraton - Human body

|dentifies shortcomings and barriers to be
addressed in our more general research
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conclusions

Conclusions

- Building simulation has come a long way since “1970”

* Very promising technology for addressing major
technical “ASHRAE / AIA” challenges during next
decades

* Needs improvements in terms of:

* Quality assurance (tools, users & use)
e Usefulness and m’rpnrafmn in/ for nprfnrmanrp based

O N W | W W N Wbt W WA

design and operation of buildings
* Opportunities for cooperation ASHRAE / AIA / IBPSA

 R&D, Best Practice Examples, Guidebooks, Courses,
Tool Accreditation, User Certification, .......
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conclusions

My main interests while at LBNL-EETD

Co-simulation using BCVT + FMI

Modelica

User Facility for Net-Zero and Low Energy Buildings
LearnHVAC

Cooperative research proposals

« EU/NL/US
 |IEA Annex /IBPSA Task proposal

Techn hU teit
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sity of Technology
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